The infl uence of an exercise programme performed by healthy pregnant women on maternal glucose tolerance was studied. Study design A physical activity (PA, land/aquatic activities) programme during the entire pregnancy (three sessions per week) was conducted by a qualifi ed instructor. 83 healthy pregnant women were randomly assigned to either an exercise group (EG, n=40) or a control (CG, n=43) group. 50 g maternal glucose screen (MGS), maternal weight gain and several pregnancy outcomes were recorded. Results Signifi cant differences were found between study groups on the 50 g MGS. Values corresponding to the EG (103.8±20.4 mg/dl) were better than those of the CG (126.9±29.5 mg/dl), p=0.000. In addition, no differences in maternal weight gain and no cases of gestational diabetes in EG versus 3 in CG (7%) (p>0.05) were found. Conclusion A moderate PA programme performed during pregnancy improves levels of maternal glucose tolerance.
INTRODUCTION
The prevalence estimate of gestational diabetes mellitus (GDM), which is a disorder of glucose metabolism, varies; however, GDM complicates approximately 4-12% of pregnancies and is associated with long and short-term morbidity in both the offspring and mother. Adverse infant outcomes include macrosomia, hypoglycaemia, erythemia, hypocalcaemia, jaundice and birth trauma. 1 2 Later in life, these children are more likely to become obese, have an abnormal glucose tolerance and develop diabetes in adolescence or early adulthood, when compared with the offspring of normoglycaemic women. 3 Women diagnosed with GDM are at a high risk for future diabetes mellitus (DM), with approximately 50% of women developing type 2 diabetes within 5 years of delivery. They are also more likely to display features of insulin resistance syndrome, which are linked to cardiovascular disease. 4 5 In recent years, many studies have revealed that antepartum 50 g maternal glucose screen (50 g MGS), a standard element of current obstetrical care instituted for the purpose of detecting GDM, may provide a previously unrecognised insight into a woman's future risk of metabolic and vascular disease. 6 7 The American Diabetes Association in its more recent position statement suggests that all pregnant women should be screened for GDM between the 24th and 28th week of gestation, unless they are of low-risk status. Two approaches have been suggested for screening of GDM (at 24-28 weeks). 8 The results of the HAPO study group indicate strong, continuous associations of maternal glucose levels below those diagnostic of GDM and show the risks of adverse outcomes associated with various degrees of maternal glucose intolerance during pregnancy. 9 10 With the rising incidence of GDM across the developed world, largely paralleling the increased prevalence of obesity, there has been a sharp increase in the risk of pregnancy complications developing related to the birth of macrosomic babies.
Important risk factors of GDM such as high maternal age, family history of type 2 DM, overweight before pregnancy and glucose intolerance during pregnancy are present. There is also recent scientifi c evidence that excessive maternal weight gain especially early in pregnancy may increase the risk of GDM. [11] [12] [13] [14] Medical advice recommends that normal weight women (body mass index (BMI) 19.8-26.0 kg/m 2 ) gain 11.4-15.9 kg during pregnancy and overweight women (BMI 26.1-29.0 kg/m 2 ) gain 6.8-11.4 kg. 13 Weight gains within these guidelines are associated with healthy fetal and maternal outcomes; weight gains below these goals are associated with low infant birth weight and higher weight gains are associated with macrosomia in the infant. Moreover, women who gain more-thanrecommended weight retain twice as much weight after pregnancy as women who gain within the recommendations. 15 Physical activity (PA) may contribute to the prevention of excessive maternal weight gain, and thus is crucial for dissecting the vicious circle involving GDM, childhood obesity and adulthood obesity and diabetes. [16] [17] [18] In Mottola's opinion, the true effectiveness of specifi c structured exercise programmes remains untapped in GDM prevention. 7 Indeed, the benefi ts of physical training are discussed along with recommendations for varying activities, PA-associated blood glucose management, diabetes prevention, gestational diabetes, and safe and effective practices for PA with diabetes-related complications. 19 Current evidence suggests that both diet and exercise can alter the usual increase in insulin resistance seen in Western societies during mid Review and late pregnancy. 20 Specifi cally, many studies have demonstrated that moderate PA during pregnancy is safe and associated with normal pregnancy outcome. [21] [22] [23] The aim of the present study was to assess the infl uence of a physical activity program with land/aquatic activities during pregnancy on the 50 g MGS at 24-28 week, total maternal weight gain and cases of GDM. We hypothesised that regular aerobic exercise during pregnancy would lead to an improved maternal glucose tolerance and be associated with a lower maternal weight gain and fewer cases of GDM.
MATERIAL AND METHODS
The present study was a randomised controlled clinical trial (RCT) in accordance with the recently published CONSORT guidelines (http://www.consort-statement.org) 24 . A fl ow diagram of the study participants is shown in fi gure 1.
We studied 83 Caucasian women belonging to a low to medium socioeconomic class. The research protocol was reviewed and approved by the ethical committee and the ethical guidelines of the Declaration of Helsinki, last modifi ed in 2008, were followed. The research was carried out in collaboration with the Obstetric Hospital Department (Centro de Salud de Torrelodones, Madrid, Spain). All participants were informed about the aim and study protocol, and written informed consent was provided by all women.
Subjects of the study
We recruited 100 pregnant women into the study; after possible adverse effects of training had been studied, we randomly assigned 83 healthy gravida (aged 32±4 years) either to an exercise group (EG, n=40) or a control (CG, n=43) group. Women not planning to give birth in the same hospital and not being under medical follow-up throughout the entire pregnancy period were not included in the study. All the women were healthy and had uncomplicated and singleton pregnancies.
The exclusion criteria were any type of absolute obstetric contraindication 25 
Physical activity programme
The physical conditioning programme was a 35-45-min session performed three times a week (Monday, Wednesday, Friday), with two land aerobic sessions and one aquatic activities session. This was conducted from the start of the pregnancy (weeks 6-9) to the end of the third trimester (weeks 38-39). Thus, an average of 85 training sessions was originally planned for each participant in the event of no preterm delivery. All subjects used a heart rate (HR) monitor (Accurex Plus; Polar Electro OY, Kempele, Finland) during the training sessions to ensure that exercise intensity was light to moderate, that is, their HR was consistently under 70% of their agepredicted maximum HR value (220 minus age).
Land sessions
Each session included a 25-min core session, which was preceded and followed by a gradual warm-up and cool down period (both of 7-8 min duration and consisting of walking and light, static stretching (avoiding muscle pain) of most muscle groups (upper and lower limbs, neck and trunk muscles)). The cool down period also included relaxation and pelvic fl oor exercises. The core session included the following toning and very light resistance exercises: toning and joint mobilisation exercises including shoulder shrugs and rotations, arm elevations, leg lateral elevations, pelvic tilts and rocks. Resistance exercises were performed through the full range of motion normally associated with correct technique for each exercise and engaged the major muscle groups (pectoral, dorsal, shoulder, upper and lower limb muscles). They included one set (10-12 repetitions of each) of (1) abdominal curls and (2) the following exercises using barbells (3 kg/exercise) or low-to-medium resistance bands (Therabands). We specifi cally avoided any exercise that involved extreme stretching and joint overextension, ballistic movements or jumps. Any type of exercise on the back was not performed for more than 2 min.
We used exercises that covered the major muscle groups of the arms and abdomen to promote good posture, prevent low back pain and (third trimester) strengthen the muscles of labour and pelvic fl oor. We have also included in the programme one set of aerobic dance every 2 weeks.
In order to maximise safety, adherence to the training programme and its effi cacy, all sessions were (1) supervised by a qualifi ed fi tness specialist (working with groups of 10-12 subjects) and with an obstetrician assistance; (2) accompanied by music; and (3) performed in the Health Care Center, in a spacious, well-lit room under favourable environmental conditions (altitude 600 m; temperature=19-21ºC; humidity=50-60%). More details of the exercise training protocol have been described by Barakat et al. 26 
Aquatic activities
The main purpose of exercise in the water was to avoid a huge impact. Aquatic sessions include swimming laps, jogging, walking, walking back and forth across the pool, stretching, lunges, step climbs, cross-country skiing movements and strength exercises in the water. Aquatic materials like noodles, fl oats and light-resistance gloves were also used in the water for muscle conditioning. Water temperature was 28-29ºC and special prevention considerations to avoid infections were taken into account.
General considerations to exercise
An adequate intake of calories and nutrients was assured before exercise. As a general rule and to avoid potential risks, the following were avoided:
Activities that included Valsalva's mechanism. High room temperatures or humid environments, with the aim of avoiding chances of hyperthermia (body temperature more than 38ºC). Ballistic movements (except in water activities). Positions of extreme muscular tension.
Variables of the study
Main variables of the study were 50 g MGS, maternal weight gain and cases of GDM. In the study population, women were routinely screened for gestational diabetes at 24-28 weeks of gestation with a non-fasting oral glucose challenge test in which venous blood was sampled 1 h after a 50 g oral glucose load. If the 1 h glucose result was at least 140 mg/dl, the participant was referred for a 100-g fasting glucose 3-h tolerance test. Normal results were a blood glucose below 95 mg/dl at baseline, below 180 mg/dl at 1 h, below 155 mg/dl at 2 h and below 140 mg/dl at 3 h. 4 13 We categorised participants with a normal screening glucose challenge as having normal glucose tolerance and those who failed the challenge test as having abnormal glucose tolerance. We classifi ed those with at least two abnormal results on the fasting glucose tolerance test as having GDM.
Maternal characteristics and other pregnancy outcomes considered (by interview and medical information) were as follows: maternal age, BMI, smoking habits, alcohol intake, occupational activity, time standing per day, time of domestic task, educational level, parity, gestational age, type of delivery, blood pressure, birth weight and Apgar score.
Data analysis
Our data (presented in tables 1-3) were analysed using the Student's t test for independent samples, one-way ANOVA and χ 2 test.
We present maternal characteristics of the study sample by group (EG and CG) in terms of mean and SD, unless otherwise stated. Relative to maternal perception of health status and lacerations type, χ 2 tests were used. For group comparisons of pregnancy outcomes, we analysed continuous and nominal data with t test for unpaired data and χ 2 tests, respectively. We compared Apgar scores between groups using the non-parametric Mann-Whitney U test.
Statistical analysis was performed with the Statistical Package for Social Sciences software (version 14.0 for Windows; (n=5). Seven participants of the CG were excluded from the study because of pregnancy-induced hypertension (n=1), risk for premature labour (n=2) and personal reasons (n=4). The fi nal number of participants included were 40 in the EG and 43 in the CG. No exercise-related injuries were experienced during pregnancy. Adherence to training in the experimental group was 85%. No women changed from the CG to the EG or vice versa and there were no protocol deviations from study as planned.
Maternal characteristics
At the beginning of our study, no between-group signifi cant differences (p>0.05) were found with regard to the potential confounding variables such as occupational activities, standing, smoking habits and alcohol intake that could potentially have an infl uence on the main variables of the study, except level of maternal education (p<0.05).
Main variables of study
Corresponding values to 50 g MGS also present minor values in EG (126.9±29.5 mg/dl) than in CG (103.8±20.4 mg/dl) (p<0.05). Relative to women with altered values on the fi rst step 50 g MGS (CG=5, EG=2), three women were diagnosed of GDM in CG, while no cases of GDM were reported in EG. There was no difference between the groups with regard to total maternal weight gain (p>0.05).
Pregnancy outcome
As shown in table 3, we observed that other pregnancy outcomes did not differ between the two groups (p>0.05). There have been no cases of fetal macrosomia in both study groups; we found one newborn with Apgar score at 5 min <7 in EG.
We analysed continuous and nominal data with t test for unpaired data and χ 2 tests, respectively, at the level of p=0.05.
Comment
This trial is expected to be effective in the short-term prevention of abnormal 50 g MGS. We also believe that this might act as a factor for the prevention of excessive maternal weight gain and GDM.
Moreover, we did not observe any adverse effect on pregnancy outcome, except type of delivery, with the caesarean section rate being double in the EG (12/30% vs 6/14%). This could be because of an increased number of primiparous women in the EG, and these women have more complications during delivery, especially in the fi rst stage of labour. 27 SPSS Inc, Chicago, Illinois, USA) and the level of signifi cance was set to <0.05.
RESULTS
Our results are presented in table 1 (maternal characteristics), table 2 (50 g MGS, altered 50 g MGS, maternal weight gain and cases of GDM) and table 3 (pregnancy outcomes).
Adherence to training and possible adverse effects
According to our analysis and with regard to adherence to training and its possible adverse effects, we report the following: 10 women from the EG discontinued the intervention because of risk of premature labour (n=3), incompetent cervix was diagnosed (n=2) and personal reasons such as change of residence group.bmj.com on July 31, 2017 -Published by http://bjsm.bmj.com/ Downloaded from A controversy exists relative to the infl uence of exercise on the type of delivery; some authors reported an increased caesarean section rate in EG, [28] [29] [30] while other studies informed no infl uence of PA on type of delivery. 22 31 32 A novelty (and strength) of this study is the possibility of integrating water and land activities in an exercise programme for pregnant women. The presence of obstetricians and those qualifi ed in sports science for guidance and constant supervision of the programme are additional strengths of our study.
There is increasing evidence of the benefi cial effects that PA has on the prevention of excessive maternal weight gain or metabolic disorders during pregnancy.
The results of previous studies report a protective effect of PA against the excessive maternal weight gain, development of GDM during pregnancy or other physiological parameters (ie, glycaemic control, stroke volume). Taken together, results from observational studies and clinical trials suggest that PA may be an important component of prevention and control to excessive maternal weight gain and metabolic disorders. 3 Barros et al informed of an adequate glycaemic control of pregnant women with GDM by means of a resistance exercise programme. They reported that a signifi cant reduction in the number of patients who required insulin was observed in the EG compared with the CG. 33 Jovanovic-Peterson et al reported that when those receiving an exercise therapy were compared with those receiving a standard dietary intervention, the former were found to have greater glycaemic control, lower fasting, postprandial glucose concentrations and improved cardiorespiratory fi tness. 34 35 Other studies with different exercise prescriptions (eg, walking programme, 1 h self-paced bout of walking following a meal, two 30-min sessions on the cycle ergometer) have yielded similar results that document the potential therapeutic benefi ts of exercise in pregnancy as a way to mitigate the metabolic abnormalities. 4 8 12 Oken et al assessed the duration and intensity of PA and time spent viewing television both before and during pregnancy among 1.805 women (cohort study). They found that women who engaged in any vigorous pregestational PA experienced a reduced risk of GDM and abnormal glucose tolerance (OR 0.76, 95% CI 0.57 to 1.00). Women who reported vigorous activity before pregnancy and light-to-moderate or vigorous activity during pregnancy appeared to have a lower risk of both GDM and abnormal glucose tolerance compared with women not reporting these activities in either time period. 12 Dempsey et al 17 in a study of 155 GDM cases and 386 normotensive, non-diabetic pregnant controls found that recreational PA performed before and/or during pregnancy is associated with a reduced risk of GDM.
In contrast to these fi ndings, two therapeutic studies have reported no differences in glycaemic control following exercise. 36 37 In addition, Dye et al 38 and Bartollotto et al 39 in two different studies did not observe any overall benefi t of exercise during pregnancy on glucose tolerance.
Callaway et al examined the feasibility of an individualised exercise programme to prevent GDM in obese pregnant women. They informed that the intervention was feasible and prompted a modest increase in PA. However, they are not confi dent that this intervention would be suffi cient to prevent GDM. 40 Retnakaran examined 851 women who underwent a glucose challenge test and a 3-h oral glucose tolerance test in late pregnancy and pre-gravid PA. They reported that pre-gravid vigorous/sports activity is associated with a reduced risk of glucose intolerance in pregnancy. 41 Luoto et al present a trial that was expected to be effective in the short-term prevention of gestational diabetes. The possible long-term benefi ts include prevention of chronic diseases, such as type 2 diabetes and cardiovascular diseases, both in the mother and offspring. 6 Most of the intervention studies that have evaluated the role of PA in the prevention or treatment of glucose tolerance, excessive maternal weight gain and GDM, present protocols of intervention based on educational materials, individual counselling on diet or PA healthcare provider information or simply by administration of an interview questionnaire to collect information. 3 4 12 14 42 There are only a few studies in which all sessions of PA are developed in groups and supervised by a qualifi ed fi tness specialist; thus we found an important factor of novel and success of present study. In our opinion, pregnant women could exercise in an adequate, pleasant and amusing environment along with other pregnant women and this could generate an important level of adherence to the programme during the period of pregnancy.
Our results show benefi ts for EG women as they present minor values of 50 g MGS without potential risk for pregnancy outcome. We conclude that a moderate exercise programme during pregnancy improves the level of maternal glucose tolerance. In addition, we found a slight difference in maternal weight gain and cases of GDM, which could be viewed (exercise) as a protective factor. Our fi ndings are promising given the increased active pregnant population. However, more RCTs are needed to further examine the effi cacy of physical programmes on pregnancy outcome.
